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ABSTRACT 


Vargous models relating to the storage of pork beliaes 
are studied. An analysis of covariance is used to deter- 
mine if specific regional weekly storage totals can be used 
to predict national monthly storage totals. A technical 
moOLecast MOdelm ain tnewtorm Of a Prourler Series aS )presentcaus 
derived from past national storage data. Finally, an econo- 
metric model relating pork belly demand, change in storage 
mippiy, hos slaughter, and total pork belly supply is for- 


itihated and fitted to the data base. 
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IT. INTRODUCTION 


The supply-demand relationships of commodities are oft- 
times complex and consequently seldom well understood. The 
entire set of particulars governing each commodity is large 
and may defy specific categorization. Modeling techniques 
encompassing the commodity arena may take a variety of forms. 
Gomparison of competing models 1S ©f interest as is the 
quantification of the results of individual models in terms 
Be cenerally accepted criteria. 

PrLor GOuanl in-depth analysis Of a) panel cularmconmoalu. 
one may observe various phenomena associated with that com- 
modity. One such phenomenum is the seasonality or cyclical 
Patterns that may be exhibited by a commodity with regard to 
both supply and demand. This may have enormous effects on 
price, as viewed by classical economics, especially when 
supply and demand are not in phase. One way of reducing ex- 
cessive price fluctuations is to store the commodity in pe- 
riods of relatively high supply for consumption later in 
Meriods of relatively high demand. In this regard, the 
futures' market functions to provide a forward pricing mech- 
anism enabling the various segments of an industry to mini- 
mize their risks by hedging [Ref. 9}. Although the existence 
of storage facilities may add to the framework under which 
a commodity study must be structured, it does not necessarily 
Peomeound it. specifically, storagew@facilities, by the very 


iacure Of their operations, may possess cyclical patterns 





having sufficient definition to aid in the study of a com- 
modity. 

This paper is concerned with characterizing storage 
within the pork belly market, a commodity possessing the 
aforementioned traits. In addition, this market enjoys 
virtual freedom from foreign competition and constraints 
imposed by government price supports, two factors that fur- 
ther add to the complexity of a study. The extensive data 
published [Ref. 6] provides a substantial base from which 
to postulate a variety of technical and fundamental models 
of the pork belly market. However, the form in which the 
data is presented influences the method of modeling and its 
limitations constrain the model's detail. Naturally the 
success of a model depends on how judicious is the choice 
of assumptions on which the model is structured. 

Two technical models are proposed to predict pork belly 
Storage movements based on historical records alone. Stan- 
dard least squares theory was applied to estimate the neces- 
Sary parameters in the relations. In addition, a fundamental 
model is proposed that relies on generally accepted econo- 
metric methods. This model was structured in terms of vari- 
ables thought to be pertinent to the pork belly market and 
their economic import is discussed with regard to the anal- 
ysis. A system of five equations serve to describe the 
model. Because of overidentification, the method of two- 
Stage least squares was used to estimate the structural co- 


etficients involved. The object of this model is not only 





to predict storage movements but also to attempt towidcneims, 
some of the economic forces influencing the pork belly mar- 
et. 

Section II contains some background information and 
epecific details of the hog-pork belly interiace spluce tic 
mesuitsS Of a literature search that were usetud ineenis 
may. Ihe technical medeis are presented an) Sections sill 
and IV. The fundamental model with its five equations is 
discussed in Section V, followed by a summary of results 


im section VI. 





Ij. NATURES OE SIE Se ho rEn 


A. BACKGROUND 

DAS Noes Jane "sau eh tere demic c mtr eG rae portion of the 
carcass, called the pork belly and more commonly known in 
ise processed form as bacon, is removed. Eaeh hog yieclas 
two pork bellies each ranging in weight from 8 to 40 pounds 
Mepending on the size and age of the hog, the average esti- 
taeda to De IZ to 13 pounds [Ref 2]. Typical choiee, bacon- 
producing bellies range between 10 and 16 pounds and are 
taken from barrows and gilts in the 190 to 240 pound weight 
@tass. After initial processing, the pork belly is either 
Sliced for bacon immediately or packaged and stored frozen 
menpe Sliced into bacon at a later date. This storage pro- 
cess helps reduce price fluctuations by augmenting fresh 
supply during periods of high demand for bacon. The freezer 
facilities involved attempt to take advantage of the supply- 
wemand relation in maximizing their profits over the long 
wet . 

Hotes laugicer an) Che Maclom1s SUbJect to Seasonal 
memetcuations due to the fact that the majority of hogs are 
emauphtered in the fall and early spring. Since bacon con- 
Sumption reaches a peak during the summer months, pork bel- 
lies are stored during the peak slaughter periods to be 
delivered during the periods of peak demand. Historically 
there has been net into-storage movements of pork bellies 
for the eight months of October through May and net out-of- 
storage movements for the four months June through September. 
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Another factor contributing to tne storage Cycle Gustenenr 
tionedeeas the Commodity Exchange requirement thatepovigeoe. 
lies stored prior to 1 December of one year are not deliverable 
on a futures’ contract the following year [Ref 6]. ~ Tims 
muke in effect insures a2 complete Curm-cver somes toOmaccmoe o eles 
Mearcliy. 

The farmer attempts eo adjusGe to utne Ceonmollemnonceo om 
the market by varying his pig crop from farrowing to far- 
mowing, year to year. In so doing, the subsequent hog 
emeauchter not only varies over the course of the year as des- 
cribed, but the total yearly slaughter also varies as well. 
mona consequence of this, pork belly storage movements have 
feso Varied yearly as freezer facilities adjusted to the 
meal pork belly supply. Total storage at any one time is 
really a secondary supply awaiting later relative demand in- 
mmeascS. the magnitude of the total storage, in light of 
anticipated future supply and demand, must have obvious ef- 
Bees On not only the cash price for pork bellies but the 
futures' prices as well. Thus it becomes advantageous to 
one dealing in this commodity to be able to predict with some 
Geeree of certainty, storage figures in advance. [In so do- 
mite a freezer facility for example, might resort to hedging 
or take advantage of any disparity between existing prices 


and estimated prices derived from the forecasted supply. 


B. BASIC ASSUMPTIONS 
RO seLence  O PLOVIacs data On tGtualenoo slaughter mt i 


thousands of head) by day, week, and month for federally 


ig 








inspected slaughter houses in the nation. Barrow and gilt 
Slatteiiter figures are given by sehe Month Only eee cein, 
bacon slice (in thousands of pounds, including both fresh 
and frozen pork bellies), weekly total pork Benue, storage 
in Chicago and Outside (in thousands of pounds), and monthly 
national pork belly storage totals (in thousands of pounds) 
are also provided. Although the average live and dressed 
weight for all hogs slaughtered is given weekly, there is 
no breakdown as to actual weight distribution. Two other 
miportant missing variables are the total number of pork 
bellies taken and in storage along with their corresponding 
Pomentedrstribution. Although pork belliesware required, to 
be stored within fifteen days Givs lavehten s| Ref scoie peo 
mira 15 given for their actual time in transit from slaugh- 
mer nouse to freezer warehouse. 

Based on an initial assumption that supply equals demand 
at any given time, hog slaughter was considered as the sole 
determinent of the fresh supply of pork bellies. Total 
bacon slice was considered as part of the demand since this 
figure should reflect immediate consumer desires. On the 
other hand, net storage LSD because wf Chemnecyelmeatl 
maeure, were considered as part of the demand during in- 
movements and part of supply during out-movements. Because 
Memcehe way the data are presented, transitions from one 
State to another were considered instantaneous (e.g., bacon 
eivce and storage change figures for an in-month were a re- 


sult of the fresh pork bellies derived from hog slaughter 


eZ 








for that month). The following equations represent these 


assumptions: 
a,Q, = BS. + AS; for anto-storage Movemencsmumniua. 
month t | @inae)) 
BS, = a,Q, - AS; £Ornsout-of “Storage, moveme necmaUmgiene 
month t (12) 
where 


Q. = number of barrows and gilts slaughtered in 


ie uicl” ec 2 
BS. = monthly bacon slice in month t, interpolated 
from weekly totals (in pounds) ; 
AS = S, : Spey? net Chance ins pork belly svorage sium 
jevonsupals aie) Velie ee 
a, pounds of pork pelle ee per hog slaughtered in 


month t. 


Table I contains computed values of a, using data from 


iE 
the period January 1967 through December 1969. For the sake 
rel arity, O55 was substituted for Oh» where j3=67, 68, and 
69 for years, and i=1,2,...,12 for months. It might seem 
reasonable to suppose that oan would be constant over time 
(e.g., a 220 pound hog would yield two bellies whose weight 
was distributed N(25,07) for all t). However, as can be 


seen from Table I, a, was not constant over time, although 


ie 
the values obtained appeared to be fairly consistent for the 
Same month from year to year. The values obtained seemed to 


be in marked disagreement with Stoken's estimation of the 


average weight of pork bellies per hog, which was 25 pounds 
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[Ref. 2]. This diserepaniey could have wesul ted seroma 
complete data (1.e., that the actual total weicht common. 
bellies taken from the hog slaughter was not reported), or 
the possibility that pork bellies were not taken from every 
hog, or both. Although the reason for the discrepaney iis 
still unresolved; 1tS -ctitees can be sci ecunvenmtcdepy aceon. 


sidering the apparen& Gonsrscency Of Ot Fonecar elon yc a 


1 
fe. , A547; 550; 5). It can be shown that the correlation 
coefficient obtained from observations of two random vari- 
ables functionally related, is unchanged if the observations 
mewone of these random variables 1s im error by =a constant 
amount. Therefore it was assumed that any omissions in the 
data was constant and did not affect the correlation between 
foe Slaughter and pork bellies obtained. However this did 
mec explain the variability of ome from month to month over 
mies year. 

Two plausible but unsubstantiated explanations as to 
imiescause of the variability in a, over bne@veal ale peices 
that an animal subjected to varying climatic conditions 
would adapt physiologically to those conditions. A hog 
would produce a different consistency of fat in the abdom- 
mal area during the winter than in summer. Secondly, it 
memecustomary to slaughter breed stock during the summer 


months and the resulting bellies might be unsuitable for 


bacon production and thus go untallied. 


ie. DITERATURE SEARCH 
Various previously proposed fundamental models were 
studied and evaluated. One related model proposed by Wold 
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[Ref. 8], was an attempt to identify aspects of the hog mar- 
ket on a yearly basis. This formulation, although yielding 
acceptable results for its purpose, failed to identify the 
Possible Short term tneiienees sine tie mnor market which in 
turn might be useful in studying the pork belly market. 
Another related study by Leuthold, et al, [Ref. 9], devel- 
oped several schemes to predict daily hog prices and quan- 
menies, USINg varzous forecasting techniques. The time 
frame involved in this model was considered as being too 
smort to allow identification of the major economic forces 
in the market. Any information gleaned from these methods 
were thought to be of marginal use in studying the cyclical 
nature of the hog and pork belly storage markets. 

Because of the cyclical mature’ of the hog supply, a 
Spectral analysis was performed relating hog supply with 
meeeprice, hog-corn price ratio, and pork belly price. Al- 
though some evidence of correlation between these variables 
meemnoticed for different time lags, no meaningful inter- 
pretation could be attached. Any attempts to smooth out 
Yandom disturbance effects also affected the meaningful por- 
fons Of the cross spectra. Any further analysis along this 
mem would require considerably more experience in the use 
of smoothing techniques as well as a more complete and basic 
understanding of the market forces involved. 

A pamphlet by Stoken [Ref. 2] although informative, was 
written mainly for people wishing to speculate in the pork 
belly futures' market. This paper did however, identify 


Various pertinent relations germane to the pork belly market 
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and in this respect was most helptul an the conduer so .scne 
study. 

The fundamental model actually used was a result of a 
Similar study involving cattle and hog supply-demand rela- 
Pnchipe conducted by Hayenga and Hacklander [Ref. 1]. 
Their method was thought to give more meaningful results in 
light of the main objectives of this study. 

The pervodicity indtedeivevor the pork peli ges pomauc 
Seasons, appeared to be unique in comparison to other com- 
modity studies. Thus the two technical models proposed re- 
sulted in the use of rather basic techniques commonly 


associated with similar phenomena in other unrelated studies. 
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Lil. SEECANT GAT SVoOvEL 


Statistics are published weekly on the net pork belly 
storage movements for.approved Mercantile Exchange ware- 
heuses in Chicago and Ouesade (ae ate a sinine cece) aeomia. 
moundineg Chicago). Natsonal sticunes eto nene tester age 
movements are published by the month. Assuming that in- 
ferences might be made about pork belly prices both fresh 
mee £rOzen, from total mational Storage figures, 1t might 
benacvantageous to be able to predict the monthly national 
totals from weekly regional totals. Figure 1 is a plot of 
national storage versus Chicago and Outside for the periods 
indicated. From this graph, one might hypothesize that each 
complete line segment has the same slope (i.e., that the 
proportion of storage totals for the nation to Chicago and 
Omeside is a constant for both in and out storage movements) . 
To test this hypothesis, the following analysis of covariance 
was conducted using data obtained for the three year period 


mome 1967 to May 1970 inclusive: 


Tagree Wee Saye aae = a) Page (eo) 
where 
I= ooleeee Seve ars 
sf 1 during in-movements 
J “2 during out-movements 
k = pty oon pile months; n,=8, n2=4 
and 
Yijk = national storage total 


ilar 
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figure 1 
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Xi 5k = Chicago and Outside storage total 


2p4 = regression coefficient (unknown) 
Mag = national storage mean (unknown) 
Cijk 7 eTror tenes distrrbured NiO joes 
Since it was to be determined if the total storage in 
Chicago and Outside paralleled the national storage for 


both in and out movements from year to year, the following 


hypothesis testing problem was proposed: 


Ho: Dag = 68, VW i,j; for the null hypothesis, 


Hy: Ba; *# 8B, Wi,j; for the alternative at the 5% level 


of significance. 

Decomposition of the sum of squares of equation (2.0) 
will yield the operational table for the analysis of covari- 
ance listed in Table II. 

Results obtained for the estimates of Bij are tabled 


below where year 1 begins June 1967: 


Aw 


Pig Out-Movement In-Movement 
1] 13324 1.255 
Years 2 1355 1, SDALE 
3 i275 IL A Sills: 


The estimate for 8 was found to be: 


8B = 1.275. 
the unbwascda estimate Or othe Standard deviation of 
residuals o was found to be: 


o = 1938x10° pounds. 
19 





Under the null hypomneswse tne test sstaticries > A 


Sree 


MS (Table II) is F distributed with the appropriate 


within 
degrees of freedom. In thwsecase ihe tect 1s eatis bite a. 
found to be 1.67, which was less than the tabled value for 


ac Gustri put lon. 2202, sae ene. 05.0) cic immo 


ase) a 
Significance. Thus the null hypothesis was accepted and 
meekly storage totals at Chicago and Outside can besused 

in conjunction with g to predict the national monthly stor- 
age totals. 


The (100-a)% confidence limits for 8 and o were also 


computed and found to be: 


1.238 < 1 SIE 


A 
WD 
A 


D5 SOR 7097 <0 -seewihe re sass 


1A 


0 


1A 


ile Gite O17 eaticl meee ms ain ote Oe ccc |S mice Cia e al meinO mec Caiec san 
imme the preceeding estimators and confidence limits may be 


mound in Ref. 3. 
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IV. TECHNICAL MODEL II 


The seasonal cycle indicative of pork belly storage 
may be seen in Figure 2eiparte Or wien isd ese ae tem mcadoean 
Of National Storage Versus time. 10 leicd GUiec meme aio 
ure 2, in addition to the seasonal cycle, is the apparent 
four year period between peaks of maximum yearly storages 
PeebOticed by Stoken | Kets 7 | houcxmLaimeenesecmer neem. 
mathematically, the following Fourier series was developed 
mre almeettOrt to £1t the scatter diagram of observations 


eevering 12 years, from November 1957 to October 1969 in- 


€lusive: 
es eee k(t 
Y(t) = b, + bocos Ark(t) +b Slt crX(t) 
Dalen (te eee 
+ by cos ort t). az 10) ers aLy0 Amt t). + (ie) (3.0) 
where 
Witt) =storace total (in 10 > mlbs joatetamemt t— ieee eee! 
X(t) = a transformation on t (see below) 
b; = Gepmess om coer fic lem tam moOWn)) aml — inane 
e(t) = error term. 


io raceount tor the fact that thesopsenved datasdoes@noe 
follow a true sinusoidal function, since there are eight 
months from trough to peak and only four months from peak 
to trough, the following compensating relations were devel- 
oped: 
NOS tel Teele c a << c 


CE) = 
BOSm noms tol oO), 5 Oe ed 
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where 


e7) 
il 


[t/ 12) ee a es Cenc ee ae 


and 


r= 12 (t/12 - [t/12]). 


Consider the following example for t=12, the yearly 


period, and t=48, the four year period: 


t=12>s=[12/12]=1>X(t)=16; the transformation of the 


V eae yen roc 


t=48>s=[48/12 ]=4>X(t)=64; the transformation of the 


Owe WEES WS ws ol. 


PStimavese for aches panamectcn saibiy am Ob De am On yea le ape 
were derived using the method of least squares. Placing 
miiese €Stimates in the original relation, the prediction 


equation was found to be: 


Y(t) = 60620 - 45265cos 44) + 3346sin “PY 


; 2nX(t) _ _ 2nX(t) 
16440cos rite a 8019sin —é4r~ (321) 


and was also plotted in Figure 2. 
The estimate for the standard error of residuals, o was 
mound to be: 
5 = 10,298x10° pounds 
To determine if the residuals obtained from the least 
mares solution were serially correlated, the Durbin-Watson 
d-statistic was computed and found to be: 


d= .34 


os 





Since a value of d=Z would anply, zero autccorrelacions 
the value actually obtained suggested the residuals were 
autocorrelated. Assuming that this autocorrelation was of 
the first order, an estimate of the autocorrelation coef fi- 
cient po was determined [Ref. 4], and found to be: 


ay 


O< = seero 


Using this computed value won Ehe estimate omp .eaesceone 


least squares regression was performed on the transformed 


variables: 
POC Se) =o) Vea) 
' = a = 
Z(t) = Z;(t)- p Z;(t-1) 
where 
_ 27X(t) 7 
Z,(t) = COs 16 we. l= Zu Oe 4s 


Thewd=statistiesresulting frome ciemie Sadeallecmoneen mite 
transformed predictive equation was found to be, d=1.4. 
Moms value of d was less indicative of serial correlation 
meeween the residuals of the transformed relationship. Thus 
it would be better to compute standard errors and confidence 
intervals for the estimated parameters computed from the 
ilanstormed variables. The prediction equation in terms of 
the original variables and the revised estimates of bi, b2, 


b3, ba, and bs was found to be: 


+ 39llsin 


Y(t) = 60132 - 44685cos enh tt) 


gy Gicy 
16 


- 17485cos 2T*) _ se6gsin “ACY (3.2) 


Again consulting Figure 2, it can be seen that the es- 


timated curve, although failing to identify extreme observations 
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of peak storage totals jmdid serve tovrdentify majomeeucnasr 
Thus equation (3.2) could be used to predict the major 

trends in total pork belly storage and together with basic 
information pertinent to the market, might prove useful in 


determining an optimal sterace policy for astrec zor sede ane 
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V. FUNDAMENTAL MODEL 


The objective of Sehas modelers to attenpustomachiaime, 
Some.of themarlous @aeconc eat beeen, sche supply-demand Ie = 
lationships in the pormebelly market. Some von etic sii 
assumptions and the limitations of the available data have 
been previously Starved in Seeeron 11.) the me rmnodolor, sci. 
ployed In the construction of thas model asmyvcll 45. sonmemor 
uhe derived relations basically follow those of Hayenga and 
Hacklander [Ref 1]. Also, since their study served as a 
useful point of departure for this paper, notation was made 
as consistent as possible to aid in comparing the two 


studies. 


A. MODEL STRUCTURE 

Thre followin five Ccauaerons Tillus trare enc uUnermramal 
relationships that involve the five endogenous variables 
“noc slaughter, total supply of pork bellies for in “and out- 
movements, change in pork belly storage, and average monthly 
price of pork bellies) and predetermined variables selected 
to describe the system: 


(1) £1(Q,*; AP.» HA as = Uj 


(2a) £2(Q,*, Q,*) = ue 


(2b) £3(Q,*, Q,*, AS*) = us 
G3) cree: Qs Pi, ne ne C;) = Uy 
(4) £s5(P,*, Bee Q,*> ae Le R, M) = Us 


J 
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where * denotes endogenous variables and: 


Q,” 
Se 


J 


SV 


monthly hog slaughter (in thousands of head per 
work day; normal work day = 1, Saturdays = .1, and 
working holidays = .05); 
monthly pork belly supply, including fresh and 
frozen stocks (thousands of pounds), where j=l 
Pomel movements ji 2 LO r sOll Moelle hes 
iat - S,_ 1.» net change in total pork belly monthly 
Storage (thousands of pounds) ; 
monthiyeamerace Gash pace OL el2- l4epoune sae zen 
pomkspelieiles (cents per pound): 
See = Be GaQe Net Change In@average momenly 
Hog pilce, lageedsenc moncn (aollars ocr snume: cae 
wemelte tor U.S. l-2@and 2-35, 200-2205 poumempan— 
rows and gilts at leading markets) ; 
Chemspread betwCCne avec mage CAS mpinilec son mleze eld 
pound penk sbellives vat, t-1 and the five tutus. 
Contract average monthly @rices at (tl) adiuseed 
fom COStSsInNCclacnt COmstObduc loc em Clammcnenn 
Storage caquiation.) Ihe Index qoi1s define deas 
the contract month: Feb=2, Mar=3, May=5, Jul=7, 
and Aug=8, where C.=0 de ee 
monthly total of pork belly storage (thousands 
Olse jovoNN IVES I) ee tess Wels 
total monthly personal income (billions of dol- 
lars) at time t-l1; 
MOC watts ON New LSsolle 75 Monell le cetstliays 
Davis : 

i 





= 


R= abo. Ot Py at t-l to commodity index for Woodean 
Tee IL S | 
HANG es = quarterly pig Grop ot hogs on farms (thousandcmen 
head) , whevemierepresentomene Weorpl tec lade cn 
(60-119) =1 (120-179) -2, and (180-219) 3 aaeegen 
resents the report month: Mar=1, Jun=2, Sep=3, 


and Dec=4; 


u = stochastic disturbance term. 


WS Swyojedyy Equations 


DtewaseneGcessat ywtOucde 1 iWe sauce la eloOmme <p lay igo 
hog slaughter per month (equation 4.0), since this is the 
source of the fresh supply for pork bellies for a given 
month. This equation relates monthly hog slaughter per work 
dae to the change in average hog price lagged one month. 
Miehin certain limitations, hog producers might be expected 
Mmemreact to recent hog price changes in determinime their 
marketing intentions. Naturally, this would be a relatively 
Mrorusterm effect, as any delay in marketing would increase 
feed costs and the POssiDPlIty that a hoeewon lkdsexeecmaspneimne 
femene With a resulting reduction im price ,eccived. |) Like- 
wise, any hog marketed prior to reaching prime weight would 
meso be discounted. An alternative to using the recent 
change in price as a predetermined variable in the hog slaugh- 
ter relation, would be to use a predicted change in price 
{[Ref. 1]. However, this would have required additional re- 
lations beyond the scope of this paper, encompassing further 


aspects of the economic forces involved in the hog as well 
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as cattle market [Ref 2) More amportantly , sthesuse wei 
predicted change in hog price would assume that a hog pro- 
ducer could perceive the broad spectrum of economic forces 
involved in determining future prices of hogs, whereas an 
extrapolation of recent price changes for future estimates 
might be a more plausible human tendency. 

The quarterly pig crop reports of hogs om tarms in 
the three heaviest weight groups were also used as explana- 
Bory Variables in this relation. The figures quoted by these 
reports should be relative measures of the hogs available for 
market in the month of the report and the two subsequent 
months. Hogs are usually marketed between 5 to 9 months 
after farrowing, the average being 6.5 to 7 months. There- 
fore hogs in the (180-219) weight group would be expected to 
reach niente durine thie month Ob “a0 pig SerOperepore ws wens 
in the (120-179) and some in the (60-119) weight groups would 
be marketed in the two months following the report month. 
Binary dummy variables were used to account for the effects 
the various weight groups would have on hog slaughter during 
moe months covered by the repore. 

Because of the variability in total slaughter days 
toned five month , slaughter per work day was used as a more 
mepresentative figure with which to make comparisons. It 
may be seen from daily slaughter figures for a given month 
[Ref. 6] that Saturday slaughter was approximately 10% of a 
normal work day and holidays were approximately 5%. Finally, 


since pork bellies used for bacon predominately come from 
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hogs under 260 pounds, only barrow and gilt slaughter was 
considered, 

Equation (4.0) is similar to a relation proposed by 
Hayenga and Hacklander [Ref. 1], the major difference being 
the use of a Tecent prleeweciange Vtece a predicted mpmuce 
change for hogs. 

AS agiscussed prevrously. the tresh supply scar oulcencle 
lies each month was considered to comprise the total pork belly 
supply only during those months characterized by storage in- 
movements. Whereas, during the typical months of storage 
ome-movements, the total supply of pork bellies comprised 
both frozen stocks and the fresh supply. 

It appeared that the values for the average weight 
ea pork bellies per hog (Table I) during the months June 
Mmimough September were Statistically ditterent than tite 
walues for the other eight months of the year. IJI£ this were 
fepeecne Correlation between hog slaughter and fresh perk 
mamaes would Not be Gonstant Over a year. 10° teseswic titer 


t 


meterized by out-movements relative to the rest of the year, 


the values for a, were indeed different for the months char- 


a multiple comparison test attributed to e chedees was per- 
mommed (Ret. 7|. This test was deemed appropriate since the 
data had been observed prior £6 the 1oOEmmmlationm of a my potn- 
esis concerning the data. Concisely stated, the null hypoth- 
651s was that the contrast 6 between the means of a, fon elie 
four months stated and the remaining eight months was not 
Statistically different from zero at the .05 level of signi- 


miecance. “Uiemcomtmdence limits tor the contrase o were Touma 


to be: 30 





+2 


Tae CO <a eeo0 
Since the confidence limits fonmgthe contrast 6 did noe con. 
tain the origin, the nullhypothesis was rejected: 

Although different groupings of Ot, will yield 
Other significant contrasts, the enovee thatewice demain: 
Used was pmedicated onpthesfactsthae the foursmonensesemne 
through September, also correspond to the typical months 
of out-of-storage movements of pork bellies. For this rea- 
son, two relations were developed to predict total pork 
beldy supplyg The first relation (equation 471), relates 
moeal supply to hog slaughter foreuite cigitG=months of am. 
movements. The second relation (equation 4.2), relates 
eeual supply to both heg slaughter and net decrease in 
fGO1Z, CN) saciele: fOmethe TOlmenonthicet Olli Movements. 

Dummy binary variables for the quarterly report 
months were added to equation (4.0) to account for the sea- 
sonal effects on hog slaughter and act as slope shifters 
for that predictive equation. Dummy binary variables were 
milsa added to equations (4.1))> and (4.2) to account for 
Meathiy effects on the total pork belly supply. 

2. storage Equation | 

ites storage equation mor pork Deliaes (455)— ne- 
lates the monthly net change in storage to the previous 
month's total storage, the current month's total pork belly 
supply and average cash price for 12-14 pound pork bellies. 
It appeared reasonable to assume that storage facility ca- 


pecmuyesasestimited, thus affecting@an upper boune®on the 
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total amount of storage possible. Also, each storage fa- 
cility might be considered to have specified upper and lower 
limits on storage, outs#depor which protitability souldene 
proportionately diminished. In addition, the larger the 
total storage becomes fremerea ceometie seven eUa leip awe cies 
supply would have when it is finally released. The total 
pork belly supply of both fresh and frozen stocks might 
equally affect storage intentions as freezer facilities 
compete with consumer demand during in-movements and with 
mie tréeShmestpply during seut-movementSewath resmilitamegen. 
meets On price. Consequently, average monthly price for 
monk bellies was also included as an explanatory variable. 
meewaseassumed= that treezer =facilaty demand for pork bel 
dies is less inelastic than consumer demand for bacon, 
erven a [eee Smal I Menance iy prices mus Seon acca 
thought to be more responsive to the price level for pork 
belies. 

Thlewsp read berweengaveragcesmonthih spomiagbel ly eae 
meeice: and Cach of the five futures* contract average monthly 
peices was computed (Table III). From these figures, 125 
points was subtracted to account for handling costs and an 
@editional 35 points subtracted for each month between the 
@omcract month and the current month to retlect storage 
€osts [Ref. 2]. The previous month's values were used as 
peedetermined variables in the storage relation for a given 
home.  inege valves ssiervedmas proxies ton freezemeracility 
peotitability (if a freezer facility bought and stored the 


equivalent of a contract and at the same time sold a future 
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to deliver that contract in the future's month, then C. 
would be a gross estimate of the profit to be obtained). 
Spreads were computed starting in November, due to the pre- 
viously stated requirement that only stocks stored after 1 
December are deliverable on contracts the succeeding year. 
Dummy binary variables were used to account for monthly ef- 
fects on storage changes. 
3. Demand Equation 

The pork belly demand equation (4.4) relates price 
to current change in storage, total supply, and previous 
Moma Ss totabesterage GL pork bellies. One would expece 
mnat prices would reflect the total supply, both frozen and 
anticipated fresh supply, in the face of an expected though 
unquantified demand. Part of this demand during in-move- 
iemts, would be Change in storage, with the bulk of the 
demand coming from the consumer and reflected by bacon 
Slicing totals. Monthly personal income and interest rates 
were also used as explanatory variables in an effort to ex- 
plain how consumer preferences change with both total iol 
come and spendable income. Finally, the ratio of pork belly 
Diee to the commodity index for food, lagged oné month, was 
micorporated to explain how pork belly price moved in @re- 
lation to its previous price relative to other foodstuffs 
wane tne puteemor pork bellilesswould be expected to alien 
with the general trend of other commodities). Dummy vari- 
ables were used to account for monthly effects throughout 


the year and act as slope shifters in the demand equation. 
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Be RESULIS 

The following equatironmceare the Trelations pier eon, 
specified with estimated parameter values properly sub- 
Stituted and obtained Dye wewo-Stage lease Slane method. 
Below each estimated parameter value is an associated 1- 
Statistic in absolute syaiem( fatdoeOtst ome Ss Laila cme cnCs. 
Sion coefficient and the standard error of the regression 
moctLicient). They prepertion of Varlationmexp) aimcemina b10 
Se themvarlatioMmattriputab ve) to regress tomeandetne coral 


variation) is also given. 


POP sohatemee hel aia lon 
(4.0) 
H* = -10.22 + .99AP, - .OO6INV.,. + .OOSINV. 
h el ik 
C5500) (e251) (5 on) 


2 


+ “OSG NV= + ,QO005D_INV.. + .007D 
a5 i a1 


(255) eee) C3385) 


INV. 
1 


i 2 


= -OLSD, INV. . as -O1D,INV., 5 -OLSD,INV, 


(.92) (3027) Ciao) 


Z 


-048D., 
5 .0lom) 


INV, = HL. /9Mar - MOU. SUSep wes. 51 Dce 


PRoOpoOrtionmeof Variation eExplammed =. 007. 


As might be expected, an increase in price over the 
previous two months would lead to an increase in slaughter 
for the present month. Farmers anticipating the continuance 
wre the upward price trend would increase hog deliveries over 
ime month in question. This however is thought to be a rela- 
Eively short-term effect as might be indicated by the asso- 


erated t-Statisticw —AS Can be seen from the coefficients for 
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the various weight groups, hogs in the (180-219) group had 
the largest effect in the month sot the report. dogseine cic 
two lighter weight groups had increasing effects on slaugh- 
ter in the subsequent two months. These results compare 
favorably to the results obtained by Hayenga and Hacklander 
[Ref. 1] for a similaie node l= eilowever che ire uce mon AP. * 
proved to be amine ney sso ine aes aloe wciaa APL used in 
equation (4.0) by comparison oft the associated meesrearis tics. 
rom this one mMighteconciw¢e that, the avenrace ioe preaueer 
was more cognizant of market forces than was previously 
ereci ted. 

Z. Pork Belly Supply (In-Movements) Equation 


(4.1) 


Q,* = [4013.51.54 57606000: $6162,14Febs> 3592. 66Mar 
1 


C3. SS, nM 


EO ZIS ZONE + S590. O5ay + 2470s 7c 


- 1580.76Nov +tabld22320ec 


PROpOTEION OL Varractomecxn laimicds— seo 


Neomilay be secciminomn = ens Ca ati one tne me. moc lm omlonmenenec 
belly supply contributed by months, increases through the 
winter, reaching a peak in the spring. This corresponded to 
Eme yearly marketing patterns for hogs, from which pork bel- 
lies are derived. The effects contributed by the various 
months also partially account for the variability in the 


weight of pork bellies per hog (a,) Tiatewese cited previloucine 
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3. Pork Belly Supe Out-Movements) Equation 


C442) 


Qt = 565.25 isi 2nc8Ot 82st +9627 seins 
2 (2.50) ace 


+ 62742570 7579.0 748 
DrOpOrTtromme: Variatlonwexp Vained = aso 


The change in storage (AS*) is a negative quantity 
amid thus adds £0) thewtoraleponte bell yesupp ly sain ice oui 
movements. the smaller coefizerent of hoe slaughter (QF) 

i equation (4.2) compared to equation (4.1), reflected the 
decrease in the pounds of pork bellies per hog during the 
Bummer months. This coefficient 1S approximately equivalent 
to a, times the number of slaughter work days during month 
tee ihe effects produced on total supply by the three months 
Zolacive, tO September, alSO Ppartreely accent ToOmeunce, a1 1 
Borlity of Oy: EBquatrons (491) andei4.72)) were samdamger tence 
sult of the basic assumptions described by equationg (1.0) 
and (1.1). The associated power of predictability of the 
above equations would therefore by governed by the validity 
of the basic assumptions. 

4. Pork Belly Change in Storage Equation 


(4.3) 
AS* = -75539.63 - .133S + .245Q* - 69.61P# 
(.63) (1.0473 (.163) 


7 30462.12C., + 3611.28C., : 9594.07C, 


(lo) (.47) (55) 


+ 7781.13C, - 3701.35C, + 19978.54Feb 
G@liaso) (1,23) 
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+ 


69680.88Mar + 80103.13Apr + 65367.51May 


oe 


43886.74Jun + 24749.8lJul + 19355. 38Aug 


“f. 


42342 oneie to / 205.) 220Ct sods oie ohio, 


11006. 86Dec 


where 


: . Liat oOmeinawovenomes 
J 2 tO Oe -MOvemenes 


PROPOne TOM sO i ba tronic splamitem@: — snr 


Pork belly storage (S) nal a negative effect on 
mic CUrPCliC MONEMLy change sin Stonace lhiSeWasmenomont te 
Teme tOntpicumdee menaAt seaddiImoewcoOnanealvocady lagge Cxars fame 
Baiomly would Serye to ine€redase Tisk seo, ene treezene Paci: 
mes. ocoince the time of typrcalMoult-movemenrs Waseonly 
one-third of an entire storage season, 50k would have to 
meedepleted in half the time taken for accumulation. ~ Thus 
Aeecolatively large tetal storage supply in May, fou cxanpiles 
would have to be met by a corresponding large increase in 
consumer demand or shortage of fresh supply during the sum- 
meee to insure any sort of price stability. This fact coupled 
with the observed tendency for spread to decrease substan- 
tially with the approach of summer (Table III) would impinge 
Pumebece Ze racility protitabadyity were they) to arbitrarily 
micrease StoOnege Stocks, Likewise, during out-movements, a 
large total storage would contribute to a greater change in 
storage due to the relatively short period in which to reduce 
inventory. The additional prospect of an increase in fresh 


Supplies in the fall facing a decrease in consumer demand 
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would remove any advantage to be gained by maintaining 
storage supplies through the summer. Net storage changes 
varied from 10% to 22% of the available fresh supply during 
in-movements [Ref. 6], or equivalently, consumer demand 
accounted for 78% to 902 of the fresh sapply diene this 
period. From this t@# wasveconeluded thateactions by siicezex 
facilities, being the less dominant force in the market, 
mould have less of @mectfteee on price. Thus durine permods 
of large fresh supply, they would store more pork bellies 
as a result of the probable downward shift in the cash 
Maree. Niringsperlmods Of Out -Movements, frozen Stocks 
would be augmenting the fresh supply and if this were large 
relative to demand, would have an increasing negative ef- 
moet on Storage Changes.) Ihe eoetticient of pore belly spuiec 
(Pe) suggested that the level of price had a negative effect 
SeestOrage additions ana a positive effect om storage deple- 
fons. One possible explanation for this could be wthat as 
mecepritce level of pork bellies im€reased, themmanc mot coe 
Mmected profit from Storing the preduct would decrease. Al- 
mmouch there 1S no absolute ceiling ne Width) pir 1GeSe Galea scr 
heestorically the range has been approxamately defined. As 
Prices approach the upper limits of this range, the prob- 
ability ef ascontinued rise on which storage profits hinge, 
would be greatly reduced. 

Table III lists the spread between current cash 
price and futures' price for each contract month, uncorrected 


for storage and incidental costs. As may be seen from this 
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table, the spread foieaeeiven month atiter sconre culm anor 
storage and handling costs, generally decreased over the 
contract months. Thasmwolldsimdveate thatehedcinom ould 
be less and less profitable for the later contract months. 
However, hedging did remain profitable for the most part, 
up through May £0r MmeSteecontraces eine snOs mince cocci ia. 
cients of C,, C2, and Co indicated this favorable spread, 
mieteas the negative oct ficlents on Ce and Ce Geared aac 
mae reduced prositabiliey an hedging for those contract 


Months. 


Sa LOnk be lee Deirand Equation 
(4.4) 


ee ole 5 = a) O00 See .00016Q° ee UML S 


* 
D (. 402) lo) Pa 7) 


-.046I1 + .755R + .373M - 1.74Feb + 2.38Mar 
(coda) N(sels eles) 


+ 7. 1eepre + L0rSs0May + eel 2 en 2 4 oe 
- #ooRUe™ = GS.0S5oep = 7, 1S0CL - Tore Neva ila Wee 
Proportion Of Variation exXplaimea)— wyso. 


As previously stated, demand for storage stocks is small 
@enpared to consumer demand and therefore the negative weo- 
Pmeactent Lor AS~ was Not SUrprising. Change in storage 
neeht be viewed as an effect and price the Cause. A large 
aimeircipatea supply served to Lower the expected price f£or 

a given month. A large overhanging supply would have a 
Megaulvye €L&fCee on price as indicated by the negative ecoct- 
melent fOrytortalesterage. Normally, 11 bacon is to Be wcon- 
sidered a basic foodstuff, as personal income increased a 
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a 


lesser proportion would be spent on bacon. The negative 
coefficient for income would indicate this. However, the 
positive effect indicated by interest rates (which were 
rising during the period of observations) might be inter- 
preted as reflecting ansemerease in Giseretionary sinconme 

as consumers avoided purchases involving long-term costs 
(i.e., homes, automobiles, appliances, etc.). Thus more 

of the consumer dollar would be freed for the purchases 

of foodstuffs such as bacon. These two results appeared to 
be conflicting and a more intensive analysis may be needed 
meomteveal tne true Sconomic anterpretation. ~Inelight of 
the relative values of the associated t-statistics, the 
mater interpretation was Considered the more meaninerul, 
Mies pOSitive coefficient for (Rk) was interpreted to mean 
that as the commodity index rose (which was indicative of 
this period), pork belly prices adjusted upwardly in line 
fone tne Prices Of Other COoMmMmedities,, Prices srOsemenrough 
mene iIn-mMovement portion Of the storage period and fell 
through the out-movement portion as indicated by the monthly 
mmmects. This result appeared reasonable, in that prices 
might rise in anticipation of a relative increase in demand 


fe rablleas that demand 1s realized, 
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VI. CONCLUSION 


Cop ome GeOmoun). 


René Descartes 


The results obtained by the two technical models were 
eonsidered quite good an) Iiichtwof tne bas le see chimiques men. 
mhoyed: The adaptability Gi their Gesnec ivcmp reduce mine 
pewers in determinime a storage policy would hinge on the 
aorlity tO incorperate other market information not given 
machnese models = sevetecrminune totalenationales tom age dt 
any one time would not be an end in itself but would have 
forbe used in Conjunction with associated price moves. ~The 
correlation between price and supply was not as strong as 
might be desired and consequently predicting storage changes 
iment not be a poweriul tool) in determining freezer facil— 
iney policies. 

Various Pereiment ECoOnmomhe forces Wetec mmdc mr mike darin 
ene fundamental model. Some of the explanatory variables 
Meed were not as significant in determining the structure 
@uethe model as were anticipated. This was evidenced by 
immer aSSOClated t-statistics of these terms. The proportion 
of variation explained in each relation was generally quite 
impel and was Consadered satisfactory, Obviously there re- 
main functional relationships between other explanatory 
variables yet to be determined. Two of these variables were 
thought to be hog price and hog-corn price ratio lagged by 


tWOsto three yedioueds ssugcested by Wold [Reto |) enoimuce 
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in analyzing the motivating factors in hog production. For 
various reasons hog producers Cannot alter their marketing 
intentions at will, but slowly adjust to the prevalent mar- 
ket. forces such aS feedme@ses and Noes prices ees lime eita tue 
rally has 4 cCorrespomdumemet ice t sont iems 1p ply ano ap Clg 
Bellies and in tunnestematoe pO lelerc ce 

As was stated earlier in this paper, the methodology 
used for the fundamental model was derived from a similar 
study conducted by Hayenga and Hacklander [Ref. 1]. Equa- 
tion (4.0) was the only relation subject to direct comparison 
with a similar equation in their study. The results ob- 
tained were considered essentially equivalent in view of the 
Peurcrent data Scries uscusi nm caciupapen. | [heir cities cone 
mea, the period April, 19635 te dune, 1966 and the corxrc- 
sponding hog supply equation used resulted in 84% proportion 
Of variation explained. 

beowas inaenalily “desired tor determine a scOnaccm pote, 
based on the results of these models. However, certain de- 
cision rules would have to be formulated along with a freezer 
ieerlaty'’s stated constraints. = In addition, a probability 
Meseciene CONGeCIrNiImMme Prices fOr an entire Storage Season 
would have to be constructed. This last requirement was be- 
youd the capability of the models proposed in this paper. 
me the above information could be derived, an optimal stor- 
ase policy might be proposed using dynamic programming tech 
niques. An alternative solution would be to attempt to 
Maximize Lreezen faerlity profit a month at a time. This 


approach would in all probability lead to a sub-optimal 
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policy over the lotig@@terme and was therefore wey,ectcd aie 
problem of a yearlyestorage policy Temains ubjece: wen 


further investigation and more advanced modeling techniques. 
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Years 


ae 67 68 69 
il 19.040 19.319 Ish s fey fae 
Z es 4 OO Ze 182937 
3 ISP 9) Sots O20 19.179 
| LO ear ZOO 55 IES) 5 kes 
5 19.816 Age 250 Z Oe 
Months 6 193241 18.368 Ih Sk 
7 ae oul} Ilere oe) S 17.436 
8 Ins Bee) Ses) Ei .Oos Lg Oe 
9 17.486 Wee 2 17.545 
10 IL) 5 BH jh iss aq JUGS Oo 
il 2009 MANS Sei, LOS a0 
ae (AU oH A®) ZO SES 20.445 


TABLE I. Average weight of pork bellies per hog per 


month for years 1967, 1968, and 1969. 
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Futures GComerace lomens 


Feb Mar May Jul Aug 

Mar MNS jae a dara 0 | 
Apr 2 oul Eats Zoe 

67 May 1.68 220 
Jue 1.34 20> 
Jul Bars E>) 


Nov Taos 4.33 4.41 4.57 Be 12 
ier 3.24 Sv S52 Sra ih 3) 


Jan 2.84 ee a a 5) 247 JU ite: 


rep Wes) ae hs: Lee Gal 1702 
68 Mar Zo elle: yea: 
Apr Zea © Sao Dod, 
May 2.04 1.54 
Jun . . 06 0 
Jul =. 06 


Nov 4.27 Ar | dee 2 4.94 ee 
Nee Sc 7 Oe Whe S20) Sug5i 2.48 
Jan ore Zoe, Za 2.80 eo 


Feb fae | err Sa 2.84 
69 Mar | Se 2 SES) 4.66 
Apr 2.68 See hs ONG: 
May 2.68 he Ss 
Jun a! aS 4 
Jul La 


TABLE III. Spread between cash and futures' prices from 
March 1968 through July 1969. 
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